It is important whether the theoretical control parameters of the gasoline engine, such as ignition advance angle, the fuel injection advance angle, the closing time, the injection pulse width and so on, are in accord with the actual control parameters, because they relate to the role on a new product development of the gasoline engine. With the conventional experimental method, the experimental error and the difficulty during the experimentation have existed. This paper provides a new method for the experiment of gasoline engine. The core ideas of the new method, which can solve the problems of large experimental error and the difficulty during the experimentation, is to extract the theoretical parameters and measure the actual parameters in the same working conditions.
Introduction
The control parameters of the gasoline engine, such as ignition advance angle, the fuel injection advance angle, the closing time, the injection pulse width and so on, are measured by conventional experimental methods as follows [1] : Firstly, the change rules of operating conditions in the experimental scheme is discovered, according to the change rules in MAP diagram to get the theoretical control parameters. Secondly, when the experiment is performed according to the change rules, the actual parameters will be abstained. At last, computing similarity between the theoretical parameters and actual parameters [2] . Obviously, the method is feasible to get the rules of theoretical parameters and actual parameters, but there are some disadvantages [3] . On the one hand, the operating point of theoretical data is accurate, and the operating point of the actual parameters need to debug the engine, confirm it , which is in line with the theoretical parameters of the operating point, but the operating conditions of the two are difficult to maintain the same, both on the conditions of speed and load. Because of the different working conditions, there are obvious differences between theoretical parameters and practical parameters. On the other hand, because of the experiment based on strict working conditions, which are given by adjusting the actual parameters of gasoline engine, it is time-consuming and very difficult to experiment. The speed fluctuation is more prominent than other parameters for gasoline engine [4, 5] . This paper puts forward a new solution to solve these two problems. The flowcharts provides some clues to solve the problems is shown in Fig. 1 . Fig. 1 shows that the experimental scheme is divided into two ways to execute the processing of data extraction and data acquisition at the same time.
Experimental program
The first way: execute the processing of working condition parameter and theoretical parameters extraction. -2015) Working condition parameter: Such as speed, throttle position, engine temperature, inlet temperature and battery voltage. They are measured by the microcontroller through the sensors, and then stored in the microcontroller for the use of the software. These parameters, which can be extracted from the shared memory and serial communication, are sent to PC and displayed by the software [6] . Theoretical parameters: The theoretical parameters is in the microcontroller memory MAP diagram on the control parameters, such as the various conditions of the ignition advance angle, fuel injection advance angle, closing time and fuel injection pulse width and other parameters.
Fig. 1. Experimental scheme
These theoretical parameters, which are extracted from MAP diagram in the microcontroller memory, are sent to the PC by shared memory and serial communication, and displayed by the software. Fig. 2 shows that the working condition parameter and theoretical parameters of a certain working condition are extracted. The left side of the diagram shows a working condition parameter, and the right side shows a theoretical parameter. It can be seen that the experimental points are working conditions, and the theoretical parameters are from the diagram [7] . The second way: Actual parameters measurement. The actual parameters are the control parameters measured in the actual engine operation. In the actual parameters, the MP424 data acquisition card acquires the signal first from the data acquisition system. The signal include camshaft and crankshaft signal, ignition signal and fuel injection signal. Then the software of LabVIEW calculates the actual control parameters, such as ignition advance angle, fuel injection advance angle, closing time and injection pulse width [8] . A MP424 data acquisition card collects the signal of a certain working condition of the cam signal, crankshaft signal, ignition signal and fuel injection signal, as are shown in Fig. 3 . Then the signal can be calculated in a certain condition of the actual ignition advance angle, fuel injection advance angle, closing time and fuel injection pulse width, as are shown in Fig. 4 .
According to the scheme, the theory and the actual parameters of the acquisition and processing can be performed at the same time. If there is a difference between theoretical parameters and practical parameters, the error can reach the minimum. Besides, it is not necessary to adjust the engine to a certain operating condition, the engine only need be deliberately adjusted to a certain working condition. The results are consistent with the results of the two cases, and the error of the theory and the actual parameters can reach the minimum.
Measurement process
It is important to be clear what the frequency division signal is. In the engine, the ignition advance angle and fuel injection advance angle are 1 degrees crank angle for the unit, and each crankshaft signal is 8 degrees crank angle. In order to solve this problem, the crankshaft signal 8 is divided into frequency 1 to 1 degree angle, and the frequency division signal is a signal after the crankshaft signal 8 is divided. This program is compiled by LabVIEW software. After the program starts to read the data file, the first test of the camshaft signal. Because an engine cycle has only one camshaft signal, the camshaft signal marks the beginning of a cycle.
When the crankshaft signal, ignition signal, fuel injection signal and frequency division signal are aligned, LabVIEW processes the signal by time-shared processing, and calculates ignition advance angle, fuel injection advance angle, closing time and injection pulse width. Finally, these parameters are extracted and displayed, as are shown in Fig. 5 .
The process of closing time and fuel injection pulse width is relatively simple, and the ignition advance angle is similar to that of the fuel injection advance angle. There is the signal processing as follows, with the signal of ignition advance angle for an example.
A counter for frequency division signal is used to record the angle of the crankshaft, and the counter starts to record the crankshaft turning point, the counter begins recording timing of ignition signal falling edge, and ends at the signal of TDC. It is obvious to recognize the ignition signal falling edge, and the TDC position is in position of a crankshaft 10 rising edge of the pulse, which is behind the camshaft signal and the first missing teeth. Counter begins counting at the ignition signal falling edge, and stops counting at the TDC position. The entire counter records the number of one signal as the ignition advance angle in degrees. As are shown in Fig. 5 . 
Experimental Results
The test was based on a CG125 motorcycle gasoline engine after refit [9, 10] . The electronic control engine runs with no load. There are eight test points selected following the rotational speed from low to high. Each working condition in the experiment, which does not need to strictly correspond to a certain working condition, is just found out only once. Therefore, the experiment is very convenient. The theoretical and actual parameters are measured simultaneously after the working condition is determined. The time of measurement is only about 0.01 seconds. Because the experiment time is very short, it can be considered that the two kinds of parameters are in the same working conditions. As the experiment is executed strictly in the same condition, it can eliminate the errors caused by different experimental conditions.
Because of the large amount of the experimental data, we will take the ignition advance angle as an example to analyze. The experimental data is shown in Table 1 . The parameters are analyzed and processed after the theoretical parameters extracted and the actual parameters measured. The relationship between the theoretical value and the actual value of the ignition advance angle with the different operating conditions is shown in Fig. 6 . 
Experimental Analysis
The experimental process suggests that the experiment of each working point is probably determined near a certain working condition. For example, if we need to measure with a rotate speed 3000 rpm, we should adjust the engine rotate speed to near 3000 rpm (such as 3073 rpm). It is very convenient and well adaptive throughout the whole experiment. It can be completed in a very short time. It is different from the original experiment, which needs to find the theoretical parameters and operating point parameters from the MAP diagram first, and then confirm the operating conditions and conditions in MAP diagram under the same conditions, and finally measure the actual parameters by the experiment on the engine after. Because every experiment operating point and the ideal operating point should be as consistent as possible, it is difficult and slow.
We will discuss the accuracy of it as follows. It can be seen that the theoretical value of the ignition advance angle is almost as same as the actual value from the experimental results as shown in Table 1 . We will take the maximum error in 7937 rpm for an example: The maximum difference is 0.53 degree which is relatively small.
There are two main reasons for the high accuracy: Firstly, the two conditions are in strict accordance with each other, as has already been observed. Secondly, the control scheme is based on the digital control, and the structure is reasonable. The rationality of the control scheme is discussed as follows.
There is the control schematic diagram for the ignition advance angle as shown in Fig. 7 . There is the crankshaft signal which is a row of signal in the Obviously, when the microcontroller is executed to the baseline position of the first 40 degrees, and starts counting (DT -DTWZ) ×DTX/8, after the completion of the counting is to start the ignition, and the ignition advance angle is the ignition time to the upper end of the crankshaft angle. From the control method of view, the control scheme is based on the digital control, so the error is small.
Conclusion
1. The accuracy of the experiment. Because the conditions of the theoretical parameters and the actual parameters are the same, the influence of the experimental results is minimal. In addition, the control method of the digital control makes the accuracy of the experiment higher.
2. The convenience of the experiment. The experiment just needs to choose a near operating point, and avoid troubles made by choosing a specific working point.
